Background: Anal dilation during tumour excision with transanal endoscopic microsurgery (TEM) has caused concerns regarding postoperative anal function. We sought to determine whether TEM affects anorectal function and quality of life. Results: Forty patients received TEM; 30 of them met all inclusion criteria and agreed to participate. The median age was 70 (42-93) years, and median follow-up time between the interview and the operation was 365 (55-712) days. Tumours excised included 19 adenomas, 8 carcinomas and 3 carcinoid tumours. The median distance from the tumour to the anal verge was 6.5 (2-13) cm. Median length of stay was 1 (0-12) day. For most aspects of quality of life, there were no detectable differences after surgery. The EORTC QLQ-C30 showed a significant improvement in diarrhea (27.8 v. 10, p = 0.002). The FIQL scores improved with surgery (3.59 v. 3.85, p = 0.020). There was no difference in pre-versus postoperative FISI scores (6.7 v. 6.3, p = 0.93).
T ransanal endoscopic microsurgery (TEM) is a minimally invasive technique for local resection of rectal tumours and was first developed in the 1980s by Buess in Germany. 1, 2 The technique is safe and effective for removal of rectal adenomas and is an alternative to radical rectal resection in carefully selected patients with rectal cancer. [3] [4] [5] Transanal endoscopic microsurgery involves prolonged anal dilation with insertion of a rectoscope 40 mm in diameter and insufflation of the rectum. Dilation of the anal canal can cause problems with postoperative anal function and continence. 6 A key theoretical advantage of TEM is avoidance of postoperative functional impairment seen in patients after radical rectal resection. 7 To date, few studies have evaluated long-term functional outcomes after TEM.
We sought to determine the effects of TEM on anorectal function and quality of life at a subspecialty colorectal surgery centre in Canada.
METHODS

Patient selection
Between March 2007 and December 2008, all patients treated by 3 subspecialty colorectal surgeons using TEM at St. Paul's Hospital in Vancouver, Canada, were considered for inclusion in this study. Patients were excluded if they did not consent to participate, if they were unable to complete the interview or if they were treated with subsequent radical resection. All patients provided informed consent, and the research ethics board of the University of British Columbia approved our study protocol.
Surgical approach
All patients were evaluated preoperatively with colonoscopy, tumour biopsy and, in cases of suspected cancer, endorectal ultrasound. Rigid rectoscopy was performed in most patients to confirm the height and location of the tumour. The TEM procedure was performed with patients in a lithotomy or prone position, depending on the location of the tumour. We used the Richard Wolf Medical Instrument Corporation TEM instrument system and the KARL STORTZ GmbH & Co. insufflator with pressures set to 15 mm Hg. Full thickness rectal wall excision was performed for all malignant lesions and selectively for adenomas. The method of closure of the rectal wall defect was left to the discretion of the surgeon.
Data collection
For quality monitoring purposes, perioperative data, including patient demographics, preoperative diagnostic testing details, surgery details, pathology and postoperative complications, are prospectively collected and maintained in the St. Paul's Hospital TEM Database.
All patients were interviewed in January and February of 2009 by telephone using standardized and validated questionnaires to determine patient satisfaction with the operation, quality of life and functional results before and up to 2 years after TEM. Each patient completed the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30), 8 Core 38 (EORTC QLQ-CR38) 9 and the Fecal Incontinence Severity Index (FISI). 10 All patients with fecal incontinence except for 2 patients with un chang ed incontinence for flatus completed the Fecal Incontinence Quality of Life Index (FIQL). 11 For scoring the FISI we used patient selfreported ratings, which better reflect the degree of incontin ence experienced by the patient. 10, 12 We asked patients about their satisfaction with the procedure and their preference regarding TEM.
Statistical analysis
We performed the Wilcoxon signed rank test and Spearman rank correlation coefficient. We compared pre-and postoperative questionnaire scores, with each patient serving as their own control. We tested for correlations between patient characteristics, operative details and quality of life and function. We considered results to be significant at p < 0.05.
RESULTS
Between March 2007 and December 2008, 40 patients received TEM, 30 of whom were eligible for the study and provided informed consent. Ten patients were excluded: 3 patients died during follow-up from non-cancer related causes, 4 patients had subsequent radical resection, 1 patient could not complete the surveys owing to comorbid health issues, and 2 patients declined to participate.
Surgical indications and operative details
Patients who received TEM were representative of patients treated with transanal excision at our centre ( Table 1 ). The median age of the included patients was 70 (interquartile range [IQR] 62.5-80) years, and the male:female ratio was 16:14. Patients were treated for villous adenoma (n = 19), adenocarcinoma (n = 8) and carcinoid tumour (n = 3). In the patients treated for adenocarcinoma, the pathological stage was pT1 in 3 patients, pT2 in 4 patients and pT3 in 1 patient. The patients with pT2 and pT3 tumours were high-risk patients not eligible for radical resection or refused radical resection. One of them was a young, highrisk patient who underwent neoadjuvant radiotherapy. The 3 patients with carcinoid tumours received preoperative diagnoses by colonoscopy, and the TEM was used for a fullthickness resection of the base of the carcinoid.
The mean distance of the tumour from the anal verge was RESEARCH 6.5 (range 2-13) cm. The median time interval between the operation and the interview was 1 year (range 2 mo to 2 yr). The median length of stay in hospital was 1 (0-12) day, and the median duration of surgery was 80 (29-169) minutes.
Perioperative complications
Six patients (20%) experienced complications. Three patients had postoperative peritonitis due to intra-abdominal perforation diagnosed by computed tomography, which showed small amounts of free air in the abdominal cavity. All 3 patients were successfully treated with anti biotics and bowel rest. Two patients had postoperative bleeding, 1 of whom required blood transfusion. Neither patient required reoperation. One patient had a transient ischemic attack characterized by muscle weakness and sensory loss in the right arm. The patient recovered to full function and was discharged on the first postoperative day.
Quality of life
There were no significant differences in pre-and postoperative scores on most subscales of the EORTC QLQ-C30 and CR38 (Tables 2 and 3 ). However, the subscale regarding occurrence of diarrhea improved significantly after TEM (27.8 v. 10, p = 0.002). This was not associated with a decrease in gastrointestinal problems, as measured with the EORTC QLQ-CR38.
Anorectal function
The TEM procedure did not influence the FISI score (6.7 vs. 6.3, p = 0.92). After TEM, 5 of 30 (17%) patients (Fig. 1) . Tumour height, tumour size and duration of surgery were not associated with FISI outcomes. Fourteen patients with fecal incontinence completed the FIQL questionnaire (higher score means better quality of life). Eight of 14 (57%) patients showed improvement, 1 patient had a slightly lowered FIQL score and the remaining 5 patients reported no differences. The FIQL scores (Table 4) Changes in function and quality of life were not related to complications, duration of surgery, distance from the anal verge or to whether the rectal wound was sutured or left open.
In addition to the standardized questionnaires, we asked all patients to indicate their satisfaction with the procedure (Table 5) . Overall, most patients were content with the procedure. The 2 patients who were unsatisfied had a postoperative bleed (n = 1) and slow recovery with prolonged hospital stay for reasons not related to the TEM procedure itself (n = 1).
DISCUSSION
Transanal endoscopic microsurgery is a safe, effective and minimally invasive alternative to radical resection for rectal adenomas. The role of TEM in the treatment of adenocarcinoma is controversial. [13] [14] [15] [16] [17] Generally, TEM has been used for adenomas not amenable to endoscopic or transanal excision, for T1N0 rectal carcinomas in patients who accept a higher risk of local recurrence to avoid radical rectal resection, and for palliative resection for more advanced lesions in medically unfit patients.
We investigated the functional and quality of life outcomes of TEM. We found that despite anal dilation required for insertion of the operating rectoscope, TEM actually improved fecal incontinence quality of life. There was no negative impact on overall quality of life and fecal incontinence, and patient satisfaction was high.
We observed significant improvements in quality of life related to fecal continence in our patients with preoperative fecal incontinence. A reason for this may be the alleviation of diarrhea related to rectal adenomas and cancers. The excision of a mucous-producing tumour that causes preoperative diarrhea can improve continence. While there were no significant changes in the FISI scores, quality of life measures may be more sensitive to subtle changes in continence. 18 The FISI scores did not show significant changes after surgery in our patients. Of note, 7 patients had a higher FISI score postoperatively than preoperatively. In 3 pa tients with pre-existing fecal incontinence, there was a minor, nonsignificant worsening of overall continence reflected by the FISI score. Four patients had new onset of fecal incontin ence after surgery; 2 of them were postoperatively treated with radiotherapy, which may have contributed to incontinence. In an earlier publication, we reported that radiotherapy has an independent negative influence on fecal incontinence in patients treated with low anterior resection. 19 A third patient in the present study had follow-up of 
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only 2 months and was still recovering from surgery; the last episode of incontinence was 3 weeks before the interview, and it is possible that her incontinence will improve in subsequent evaluation. The remaining patient had a small increase in FISI score. Despite these patients' increases in FISI scores, we did not observe a negative effect on quality of life or satisfaction in any of them.
We did not find a correlation between the duration of surgery, tumour distance from the anal verge or tumour size and fecal incontinence outcomes. Doornebosch and colleagues 20 found a correlation between the tumour height and the FISI score. In their study, patients with a tumour in the distal 7 cm of the rectum had a significant improvement in FISI score (16 v. 5 , p = 0.01). Dafnis and colleagues 21 found that patients who experienced post-TEM incontinence had longer surgery durations (175 v. 117 min, p = 0.002). Similarly, Kennedy and colleagues 22 described a correlation between duration of surgery and functional results.
To our knowledge, only 2 other studies have assessed the functional and quality of life outcomes of TEM. Cataldo and colleagues 23 reported the outcomes of 41 patients who received TEM for villous adenoma and rectal cancer. All patients completed the FISI and FIQL questionnaires before and 6 weeks after surgery, and the number of bowel movements and urgency were recorded. There were no significant alterations in the measured parameters. The mean pre-and postoperative FISI scores were the same (2.4 v. 2.4). There was an improvement in 8 patients, worsening in 4 patients and no change in 37 pa tients. The FIQL scores were taken from all patients, but no significant changes were found. The authors attributed these outcomes to good preoperative function and short operative durations (mean 69 min).
Similarly, Doornebosch and colleagues 20 performed TEM excision in 47 patients with preoperatively diagnosed villous adenoma. For assessment of continence and quality of life, the FISI, FIQL and the EuroQoL EQ-5D were administered preoperatively and at least 6 months postoperatively. The postoperative FISI scores were found to be significantly improved (10 v. 7, p = 0.01). There was an improvement in 24 (65%) patients. There was a significant improvement in the mean quality of life score (p = 0.02), but these changes did not correspond with the improvement of FISI scores. Also, significant improvements were found in the FIQL subscales for embarrassment (p = 0.03) and lifestyle (p = 0.05). The authors attributed the improvement in fecal continence to preoperative tumour symptoms.
Doornebosch and colleagues 24 also compared TEM to total mesorectal excision. They demonstrated no significant difference between the 2 strategies of transanal excision in postoperative quality of life, as measured with the EORTC-QLQ C30 and EQ-VAS scales. However, patients who received TEM had less defecation problems, as measured by the EORTC-QLQ CR38. The postoperative EORTC scores in our series are slightly better than those reported by Doornebosch and colleagues. 24 A possible explanation is that all their patients had a T1 adenocarcinoma.
Functional and quality of life outcomes of conventional transanal excision (TAE) have been investigated by Fenech and colleagues. 18 This study used the FIQL and retrospectively measured preoperative continence with the Wexner continence scale. They found continence to be impaired after TAE; however, patients had a good quality of life.
Limitations
The major limitation of our study is the retrospective collection of preoperative quality of life and anorectal function scores. Anecdotally, patients were confident in their ability to recall their preoperative function. However, recall bias is certainly possible. We continue to monitor pre-and postoperative fecal continence in a prospective manner, and we do find it useful from a clinical perspective. The few patients with marginal deterioration of continence are counselled about Kegel exercises and physiotherapy options.
Our study is consistent with the current literature in that, despite a large-calibre operating rectoscope, TEM does not have a negative impact on early fecal incontinence and quality of life in most patients. However, this evidence is based on several small case series. A large randomized controlled trial is needed to provide better evidence about the appropriate use of TEM in patients with rectal cancer, and it would be important to include fecal incontinence and quality of life outcomes in such a trial.
CONCLUSION
Despite a large operating rectoscope, TEM does not have a negative impact on fecal incontinence and improves fecal incontinence-related quality of life. Transanal endoscopic microsurgery is a safe and well-tolerated alternative to radical resection for excision of rectal adenomas and favourable T1 adenocarcinomas in selected patients.
